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Development of Wireless Stethoscope System for Livestock
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It has been desired to realize a system that evaluates the cattle’ s stress
from the variation of the heartbeat interval (RR interval) on farms, because the stress monitoring
should be important for early detection of diseases, productivity improvement and animal welfare.

In this study, a non-contact type plethysmography sensor which utilizes a microphone
highly-sensitive to the cow’ s heart sound frequency band was developed. In addition, an algorithm
to calculate the heartbeat interval in a high accuracy was also developed. It was found that the
calculated heartbeat interval from the calf s heart sound which was detected by the non-contact
sensor at a distance of 100 mm could be nearly equivalent to the RR interval by electrocardiography.



B X C—19, F-19—1, Z—19, CK—19 (G|

1. WFERHR S WO 5

T, FRNE DG EICB W TR, KEER B BRI & R 2B EI I L 0 . SBEEFE
DRIAREAY, « AZPEMER EARMEA TE 720N, —F CIREfE 2 BER 542 &40 —8 (L—23x
V) WCTREREEZETZ L, L—A T Y R—Y A SIE, BIBRZR EOMLERZ Tl & L
ToAEPEIR & FRIEN 2 A PER NS AL 5 BRI SN U7, 72l o 2R 135 e o AL B RE S R
Foy7ni b, EHRIZEAREE T CMiRk e & OMREEEORENBSL > TN LT, EEL L
TOFRNE DG FE 2k - BB ST 5721213, B0 KRGS XA RiE & L72R
SRR ORI N NBE L 72 B8, BAED L Z AV NI Tl 2 DE~D T 253124795 2 &
ISPEREOIZHE L2 PO RFERECIHR O PIIER 2 Rk4 2 &3 < ARERBER R E W
WFEWEL KT D, 70, HEERCMER AR OFIE 2 THlT 5720, BE RO F~ D
I« BEIRSERE & T2 BB E T2 2 S13% ) - 2 A FORTEABNTENEND 2, Z0
X9 BRI A ~OAMHIIRE W, oF 0 EHONIC KR THREEHI N WD S ES
THHEBIZA U DR 285 O FIE TS 5 WIT R A2 R T 5720121k, B~
AT DAl 2 OO L FERERE W A2 B A OFREC B W T Y, BERT NENTHZ L&
<. IEfRICAEBERE 7 - T CE DHANORTE & . Z ORI - MBI ORGSR LB &
A, FIT.HF T2l NETL—A LB YR EDGHEFHO Y =7 57t D
ROITOI., I L Tt BREIICESE T A2EREE B L ORI ORI ED 5
NT&El, Ll RRBOLTIIERPEBOND Z & IREEZZECHET 2008RNETH D
T ENSNLEIROIMEE T D FENHESL L CWRWD &7 PEEIZ S W) ASBFFE T
INHLOEFROL L, FHEERCEIBEZ CE DT A AEHETHIZLEANET D,

2. e BEM

AWFFE T, FEEZERCEIFEZ TEAT A A« VAT A EEBT 5720, LLF O
HEITI,

s TR LTERE TR T S,

- PR R T B I OEREEE Y 2 — V2B LT — 7 U Iy NULT S, A BEEHE
T 5,

=TT x 7y MUTASSL Z2ERIEL, THEHESTZFHERICE D | EREMERHECESNE - it
A% T 5,

CWEZT X BT LC, R T - BRI AEARY 7 by =T 2RIET S,

3. WA

(1) FEFE MEMS (Micro Electro Mechanical Systems) #fii& 7 L% 707 /S 2 Bl H 2 H
WT, PRI L2 R T2 % T 2, B OB EICK L TRk Lt o 23T
e
(2) W2 F 1 DIAE(LE O L W2 TR L UE & OO HEME - G2 RF LT, V=T
FINT A 2 a5t T %, £lo. 73 A0 ERY I X O 2 BT 5.
@)=~y FrThEERANDZLICLY, BRR T CHE LT —# bRz
NTELVAT LERFET 5,

4. WFZEEk R

(1) FHEAEZE YT, ZDBF

JEE MEMS BEZHE oW T, JEBIEE LTAINBEAZERAT A 2L & L, IREL R T
xpk9ic, A—Fv7 GmA) EIZ AINEBEDF LA ST LA L ZOFEFEIC
Pt SiHALEE vV L LR L2 T 31 A& L, SOT FEt & AIN A %y HJEZE v 5 Hl
E7av AOMEEITo T,

Mzt oS 20%B & LT, EE
MEMS B2 3% - OFsEm E2X 5729, 3D 7

U & THERR LTERHRED I o F Lo —|Z
MRITEEE Si T3 AZBHE LIz /a T N %0
A AEERRE - L. RAIE2Tho T,
AIEL 72T /31 2%, 50 Hz AT g v —
JHEAFLTEY, LEEEEFEcREEL 5
THZLNTE, S

SLICHERZE YT, RO B RE &7 ;
ZAE OGN IERARIE S & AT RE
ThbdEB, FHZRETHEHARKORE 30
1Tole, 7 4 /LA [AIE L BENERIES 2 22 BRI OB
BT DT, LEENREAINTH D 20 Hz 25

\

. 35 IE B #is

~40 Ho (Al LT i R LT, Y mmmea
F RS O DR E I A T LS & i
BT 5, Lo W% Ll B L M1 BB o

YUY OREBBREA X 1IRT, ZORERE



ot ae AT, EEEOFEREICEWTREOLEFHZ1T o 7o/ R, K25 100mn B 7z
ALEIZB WO T OEFRER AR TH D Z LML ML RoTz (K 2),

5

8

BSM[sec]

10cm

S5cm 10cm 15cm 20cm

BB & D IS RIE

(2) =T T T INT AL ZbDKES

/NIRRT Y 2 — L ORFHZE L, JBRE T2 2 AWV, T4~ FAHNNE L D
DEEBOBRSNAREZR. DRI WENL TdH D SIS T 2 DFHET A A2 EL
T, EFFOLEREEZEM L, YUN%, BE2R T2 MmICERE L, DIRAEOLEDFH L
RT VISR T D P ETH 720, 2 A NREGTOMAZR SICB L, BWiFsEs &ML
AR, MR T2 EmICER L TNEY TH D L ORRICE -T2, £ 2T, Rt bEHET
NA 2% HWT, WSS TR LeSE & eI E ClZ2 L2 ha o0E L-UL Otk %
To7, ZEORERBETICB WD TRSTE 2 LFEED 30 % OfF 525 i il & CHS il §E
ThHDHZ ENRbro7= (K3 @),

2R TLEELEOMOFREIZEL TiX, EEDIROCEREAS LV E— X U Ay T T O
Ay BEWEOEFAROBLEY S LRGBS TR TH 5, Wt o & EE ORI~ 20
T EEOVY a—rEHALTLE L-SLVOREEITV, BS 10mm, 721 A—2—A B
EE S8 LAFOV Y a— a2 AREAE, BEMEZO5ED 95 % U EOLEEFEZRETES
ZEWnbhotz (K3 (b)),

B RiFEBL o

g
<
B
REREN 25 2
60 < mmmRetation of sn rate
H
a

#970%MD %1k

8
@ ==——Durometer A hardness

SNt
O = N W A OO N o ©

Retation of sn rate [%]

242

1.92

= k=t ZEHeE R % LB AR

0
ke66 ke103 ke1308 ke10s1  FEISHMLY

(a) TEFZERAL & D550 D BILR (b) HHHIJE DR
X3 HEZFETHEEFIEORG

(3) HIELET —Z 0 bR Z R T 2 FEOB3E

ODET— 22, FOEHER T HECERBEE R EOHENEENTNDLIN, THOME
OHIZITOTE & R UEHREER A > TWA LD L H 5720, (EROBEFEIZ, 2 OMS
DS WEFRED 2 WDITHI R LA TE 220, £ 2T Hi g ORS & L7 E
W L TCT—7 b=~y TF 7275 FEERE L (®4), $hbb, LEDOIE, 115
O ZE LT ERREOT R —F 2 E L LI —~ o F U IV TH 2 & T
AT 72 8D S/N EEOIRWEREE FTO R AR g &2 EH Uiz, 4 28HIZ OV T, LEH
TE &DBRIEDOREEEH 21TV, DET — X Bt Uz 0 iElE & OFRERIZOW T, BTk
TR AMMETFIE L RRFIE TR TR, BRFEICIAEORN L2 iR+ 5 2
EINTE T,

Tz, ML EF Y 7 hU 27 & LT, A CHIE LD ENGLEDOR BE— 7 2 ERE
BEHETAHY 7 b =T 2B L, RE—JVEHETITIELE LT, 2200FE Thbb7
A4 NHE R T WD FRIEE ., STRT (B 7 — U = Z&8H#1) S E 2 W2 RIEE ZBFR L
7o BERE T~ A 71X VIEEAEIE L ADLEFICR L, 2CHODOFEZHEH L TR E—Y
HEERE ORI 21T o Tee 7 A NVE N7 2 VT FRIE T, BlHEE 31~37 Hzy, 3XEA 7 &
v b 71.5 ms OFFZHR S @V EN GO, #EERRZEIZ-0.6£4.5 ms Tholz, —JF, STFT &
B8 2 VD FIE T, STRT W% o7 —4% 1 Boxk 1 DOF7—4% L L CLE & BEft



o, FEETOTCRE—IHEZIToT-, FHFETIEkERE KNN) BEITHDH I &V
BIL, RE—ZHEERRZA2.926.6 ms WG LTz, 2 ODFEELKTDHE, T4 NE R T %
HAWEFEOTNERETHD Z ERbho7=n, Winh BEMREREZ 5.0 (R-R)
FREFHANCIE T2 25 10 ms L TOREE RS Z LN TE -,

0.25s
earch window: s
e Last detection point Searchrange
45 IR . TyAR—TEl P—
| 003 q m)»]
; \ [l
oas \ i {\ [ ‘ H t ol

oo Lo AL Al

|

2.0s
S
|

[
1l

|
[
l

Shift size is IBI

Matching with
template

[ FUIL—bRyFLY

11|l Template:t

4 DmEREEHRT L2 KL

5. TR CE

(PR G740

O ZEEE, SEEBYO.LHEEGHI O 7O OIS YOG, B 33 mx=L s b
= REIET ORI RS, 2019 4F

© LREEE, RO FEEME 7 FH3BE vt v A ruv v EIEHY AT
L] VURT T A, 2018 H

@ LHEW, v A 7 &AW IEEALE GBI T D HF2E, 2018 4R TSRS
A, 2018 4R

@ Yuki Morota, Non—contact heart sound measurement system for health monitoring of

calves, Bio4Apps 2017 (International Conference on BioSensors, BioElectronics,

BioMedical Devices, BioMEMS/NEMS & Application). 2017 4

AR, B AT ML D hOFEE=2 ) 7 FE3E [kt e v AR

< EIEHYV AT A URT T A, 2017 A

Yuki Morota, Calf health monitoring with wearable wireless stethoscope device, The

8" Japan—China—Korea MEMS/NEMS, 2017 4

D FEHR, SEBMH Y =7 7 7 VLG OREE 2017 FEREE TR PNEHE
2017 &

® ©

6. AFFERERE

(1) WFEh 1%

I VAR ANC A= A

0 —< T4 : (TAKAMATSU Seiichi)

WFoEl 178 K4 - Bt SRR
n—<FK4 © (ARAT Shozo)

e hE KA EA T
12—~ K4 : (MIYAMOTO Toru)

e AR A I E
17—~ 5 K4 : (MASUDA Takashi)

e 8 K4 - 56l i
o —<FK4 : (MOROTA Yuki)

WRgEt 8 KA - Rk
7—~<F K4 : (ANDO Yoshiki)

WHoeth 8 K4 - 2 B



o —<5K4 : (MOCHIZUKI Kenki)

KRR I L AR, SRR OBR E BLICRBWTHEET 20 TY, Z07H, RO FIMCHF TR R D AREIC
DNTIE, EOEFHEICHE S bOTIHARL, ZOWRMEICET 2 AMECHEETE, MESEACREBRSNET,



